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A two-component jet model is proposed to explain the unusual afterglow of GRB 070419A. Regarding 
the optical light curve, a wide "jet" with an opening angle of > 30-40 degrees is assumed to produce the 
late shallow decay, while the three early power-law segments must be caused by a narrow jet with an 
opening angle of ~ 2-4 degrees. Additional energy injections to both components are required. Late 
X-ray emission may come from either the wide jet or the narrow one. If the latter is correct, the jets may 
run into an ISM environment and the temporal index of the late energy injection may be q ~ 0.65.  
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Multi-wavelength observations of the afterglow of GRB 
070419A (T90 ~ 110s) have been published[1]. Its optical 
light curve showed complex behaviours which can be 
described by four power-law segments[1]. It began with a 
rising phase, denoted as f1, at t < 460s with a power-law 
index of α = −1.56 0.70, followed by a slow decay (f2 
phase) between 460s and 1500s with  α = 0.61
±
± 0.09, 
then a fast decay (f3 phase) with α = 1.51 0.12, and 
finally another slow decay (f4 phase) with α = 
0.41 0.17 at t > 104s. The X-ray light curve is simpler, 
comprising of an early fast exponentional decay (t < 
103s), which must be the tail of prompt GRB emission, 
and a power law (t > 103s) which is the real afterglow 
component. X-ray data after ~ 103s are sparse so two 
fitting values of the late-time power-law index were pro-
vided[1], which are αX = 1.27  and αX = 0.65 . 
The spectral index of the late X-ray data is βX = 1[1].  
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The complex optical light curve of the GRB 
070419A afterglow is difficult to understand with the 
simple standard fireball forward/reverse shock model[1]. 
In the simple model, the relativistic outflow is assumed 
to be in the form of a homogeneous jet. In this paper, we 
examined if a model invoking two jet components can 
explain the abnormal afterglow light curve of the GRB. 
1. The optical afterglow light curve 
In the two-component jet model[2], the GRB out-
flow consists of a narrow ultra-relativisitic core jet and 
less relativistic surrounding material which can be re-
garded as a wide "jet". Of the optical afterglow of GRB 
070419A, a natural explanation is that the last f4 phase 
was due to the forward shock of the wide jet while the 
early f1-f3 phases were dominated by emissons of the 
narrow jet. Following the one-component jet model[1], 
the light curve peak at t ~ 460s must be the narrow-jet 
deceleration time from which an initial Lorentz factor of 
Γn ~ 350 can be derived. 
Additional energy injections into the afterglow are 
required to explain the slow decays in the f2 and f4 
phases, as in the popular refreshed shock model[3]. But 
we think the second light curve break at ~1500s is the jet 
break, rather than caused by the cessation of energy in-
jections into the narrow jet. The latter would result in an 
unnatural hollow outflow structure at late time since 
energy injections into the wide jet are assumed to con-
tinue into the f4 phase. The change of the temporal index, 
i.e., Δα＝1.51−0.61＝0.9, is in agreement with a jet 
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 break. A jet break time of ~ 1500s corresponds to a jet 
opening angle of ~ 1.9 degrees for the ISM case and of ~ 
3.8 degrees for the wind case, assuming the typical pa-
rameter values of n0 = 3, ηγ = 0.2 and A* = 1[4]. 
A lower limit for the opening angle of the wide jet 
can be estimated since no light curve break was ob-
served in the f4 phase up to ~ 107s. The opening angle 
must be larger than ~ 42 degrees for the ISM case and 
larger than ~ 30 degrees for the wind case.  
2. The late-time X-ray afterglow 
Unlike the f4 phase of the optical afterglow, the 
late-time X-ray emission (after ~ 2000s) may come from 
either the narrow or the wide jet. These two cases are 
discussed respectively in the following. 
In the narrow jet case, during the optical f3 phase, 
both the optical photons and X-rays were of the same 
origin, i.e. the narrow jet after its hypothesized jet break. 
So the temporal index of the late X-ray light curve is 
more likely ~ 1.27, close to the optical value of ~ 1.5, 
than ~ 0.65. The temporal indices, however, are still 
somewhat smaller than the typical post-break decay 
slope of > 1.5, which could be explained if there were 
still energy injections into the narrow jet after the jet 
break. No discrimination could easily be made in this 
case between an ISM enviroment and a wind one. 
In the wide jet case, both the optical f4 phase and 
the late X-ray emission are attributed to the wide jet 
with additional energy injections. We can compare the 
theoretical temporal and spectral indices of the refreshed 
shock model[3] with the observed values, which are αX ~ 
0.65 or 1.27, αopt = 0.41 0.17, and βX = 1. ±
If αX ~ 0.65, we can identify two possible theoreti-
cal cases[3]. One is slow-cooling in an ISM environment 
with νm < νopt < νc and νX > νc. First we have p = 2 since 
βX = 1 = p/2. The closure relation for the X-ray band, i.e., 
α = (q−2)/2 + (2+q)β/2, gives q = 0.65 for the temporal 
index of the energy injection. Then the model slope of 
the optical light curve is α = [(2p−6) + (p+3)q]/2 = 0.31, 
which is consistent with the observed αopt = 0.41 ± 0.17. 
The other case, i.e., fast-cooling in a wind environment 
with νopt < νc and νX > νm, can actually be excluded. 
This is because an afterglow always evolves from fast 
cooling to slow cooling: νm decreases with time, while 
in a wind environment the cooling frequency νc in-
creases with time. Unreasonable physical parameters 
may be needed to keep νc < νm as late as up to ~ 106s.  
For the wide jet case, αX ~ 1.27 can not be the cor-
rect value. Here the only possibility would be slow cool-
ing in a wind environment with νopt < νm and  νm < νX < 
νc. The closure relation in the X-ray band would give q 
= 0.27. The corresponding optical temporal index then 
would be α = (q−1) /3 = −0.24, which means a rising 
light curve instead of the observed decay one. 
3. Discussions 
Recently a two-component jet model has also been 
applied to GRB 080319B which had a bright, naked-eye 
optical afterglow[5]. In both GRBs, the telltale feature of 
two jet components is a late slow decay phase in the 
afterglow light curve following an earlier shal-
low-to-steep break. In GRB 070419A such a feature was 
seen in the optical band, while in GRB 080319B the 
X-ray band. The two-componet jet model of GRB 
080319B is more reliable since a very-late X-ray light 
curve break was detected, which can be modelled as the 
jet break of the wide component.  
In the one-component jet model, the scenario that a 
reverse shock shaped the early optical light curve (f1-f3 
phases) can be rejected in the ground that the predicted 
increasing emission of the forward shock until a few 
106s was not observed[3]. This argument is no longer 
valid for the two-component jet model since the ob-
served f4 phase came from a wide jet and hence inde-
pendent of the f1-f3 phases of a narrow jet origin. One 
can assume that the forward shock emission of the nar-
row jet was overwhelmed by the that of the wide jet. The 
observed temporal index of ~ 1.51 in the f3 phase is 
closer to the value predicted by the reverse shock theory 
for an ISM environment (~ 1.9) than that for a wind en-
vironment (~ 3). The f2 phase with α ~ 0.61 can be ex-
plained if the characteristic frequency νm,r was above the 
optical band and the break at ~ 1500s was due to νm,r 
crossing the optical band, corresponding to the theoreti-
cal case of Rν < 1 [7]. 
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